The cross sections of e + e − → ωχc0, π (4220) and Y (4390)'s leptonic decay widths are also determined to be (36.4 ± 2.0 ± 4.2) and (123.8 ± 6.5 ± 9.0) eV.
Y (4260), the first observed charmonium-like state in the process e + e − → π + π − J/ψ by the BABAR experiment using an initial-state-radiation (ISR) technique [1] . This observation was immediately confirmed by the CLEO [2] and Belle experiments [3] in the same process. Being produced in e + e − annihilation, the Y state has quantum numbers J P C = 1 −− . Y (4360), the second observed Y state in the e + e − → γ ISR Y (4360) → γ ISR π + π − ψ(3686) by BABAR [4] and subsequently confirmed by Belle experiment [5] . Belle also observed another structure, Y (4660), in the π + π − ψ(3686) [5] . The observation of these Y states has stimulated substantial theoretical discussions on their nature [6] .
Recently, with higher statistic data, the e + e − → π + π − J/ψ cross section was measured by BESIII experiment more precisely [7] . The fine structure was observed for Y (4260) in e + e − → π + π − J/ψ. The Y (4260) structure is a combination of two resonances, the lower one is Y (4220) and the higher is Y (4320). Using the results for e + e − → π + π − ψ(3686) from Belle [8] , BABAR [9] and BESIII experiments [10] , the authors of Ref. [11] also observed the fine structure for Y (4360) in e + e − → π + π − ψ(3686), inferring that the Y (4360) structure is also a combination of two resonances, the lower one is Y (4220) and the higher is Y (4360). The Y (4220) state also is observed in the processes e + e − → ωχ c0 [12, 13] , Table I .
These states challenge the understanding of charmonium spectroscopy as well as QCD calculations [6, 16] . According to potential models, there are five vector charmonium states between the 1D state ψ(3770) and 4.7 GeV/c 2 , namely, the 3S, 2D, 4S, 3D and 5S states [6] . Besides the three well-established structures observed in the inclusive hadronic cross section [17] [18] . Figure 1 shows the cross sections of e + e − → ωχ c0 [12, 13] , [14, 19] , and "scan" data sample refers to the energy points with integrated luminosity smaller than 20 pb −1 . In this paper, we perform a combined fit to these cross sections. We parameterize the cross section with the coherent sum of a few amplitudes, either resonance represented by a Breit-Wigner (BW) function or non-resonant proTypeset by REVT E X [13] 4226 ± 8 ± 6 39 ± 12 ± 2 π + π − hc [14] 4218.4
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duction term parameterized with a phase space function or an exponential function. The BW function used in this article is
where M and Γ are the mass and total width of the resonance, respectively; Γ e + e − is the partial width to e + e − ; B f is the branching fraction of the resonance decays into final state f , and P S( √ s) is the phase space factor that increases smoothly from the mass threshold with the √ s [17] . In the fit, the Γ e + e − and the B f can not be obtained separately, we can only extract the product Γ e + e − B f .
Authors of Ref. [22] have performed a combine fit to the cross sections of
., while the cross section of e + e − → π + π − ψ(3686) is not included. In Ref. [22] , the resonances Y (4320) and Y (4390) are regarded as different states in the fit, while from Table I 
where BW 1 , BW 2 and BW 3 denote the resonances Y (4220), Y (4390) and Y (4660), respectively; P S( √ s) is the phase space factor; EXP (
, is an exponential function, where p 0 is free parameter, M th = 2m π + m J/ψ is the mass threshold of the
We fit to the cross sections of Table II. The systematic uncertainties on the resonant parameters in the combined fit to the cross sections of
. are mainly from the uncertainty of the center-of-mass energy determination, parametrization of the BW function, background shape and the cross section measurements.
Since the uncertainty of the beam energy is about 0.8 MeV at BESIII, so the uncertainty of the resonant parameters caused by the beam energy is estimated by varing √ s within 0.8 MeV for BESIII data. Instead of using a constant total width, we assume a mass dependent width to estimate the uncertainty due to parametrization of BW function. To model the e + e − → π + π − J/ψ cross section near 4 GeV, a BW function is used to replace the exponential function, and the difference of the fit results in the two methods are taken as the uncertainty from background shape. The uncertainty of the cross section measurements will affect the resonant parameters in fit, we vary the cross sections within the systematic uncertainty, and the difference in the final results are taken as the uncertainty. By assuming all these sources of systematic uncertainties are independent, we add them in quadrature.
The leptonic decay width for a vector state is an important quantity for discriminating various theoretical models. By considering the isospin symmetric modes of the measured channels, we can estimate the lower limits on the leptonic partial width of the Y (4220) and Y (4390) decays. For an isospin-zero charmonium-like state, we expect 
+ · · · By inserting the numbers from Table II, 
